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QUANTIFYING THE RELATIONSHIP BETWEEN JOINT LOADING COST
OF LOCOMOTION AND WALKING SPEED IN SUBJECTS WITH
MODERATE KNEE OSTEOARTHRITIS
C. Henderson, J. Higginson. Univ. of Delaware, Newark, DE, USA
Purpose: Tibiofemoral or knee osteoarthritis (OA) is a leading cause of
physical disability in elderly Americans and increased loading across the
knee joint has been found to signiﬁcantly correlate with increased pain
complaintsaswell as incidenceandprogressionof thepathology.Although
previous investigationshave found reductions invarious indicatorsof knee
joint loading with reduced walking speed, stride length is also likely
decreased resulting inan increasednumberof stepsand therefore episodes
of joint loading to ambulate the same distance. The joint loading cost of
locomotion, which we deﬁne as joint loading per stride length, and its
relationship with walking speed will be investigated in this study.
Methods: Nine OA and 15 control subjects walked on an instrumented
split-belt treadmill at a control speed (1.0 m/s), self-selected speed, and
fastest tolerable walking speed with data from the more symptomatic
limb in the OA subjects and a randomly selected limb in the control
subjects selected for analysis. The 1st and 2nd peak knee adduction
moments and the knee adduction impulse were identiﬁed as indicators
of joint loading and calculated for four gait cycles at each of the walking
speeds. The joint loading cost of locomotion was assessed by dividing
each indicator by stride length and the relationship between the joint
loading cost of locomotion and walking speed was determined for each
subject via a linear regression analysis. The slope of the regression
equation characterized the relationship between the two variables and
group mean slopes ± 95% conﬁdence interval were calculated to
quantify the relationship between the joint loading cost of locomotion
and walking speed for each group. Additionally, t-tests were utilized to
investigate differences in the group relationships with alpha set at 0.05.
Results: OA and control subjects did not differ in age, height, weight, or
BMI. OA subjects chose signiﬁcantly slower self-selected (1.11 ± 0.13 vs
1.33 ± 0.12 m/s) and fastest tolerable walking speeds (1.54 ± 0.21 vs 1.81
± 0.28m/s) (p<0.05). Themean slope ± 95% conﬁdence interval was less
than zero for all joint loading indicators signifying a signiﬁcant reduc-
tion in the joint loading cost of locomotion with increasing walking
speed for both OA and control subjects (Figure 1). Additionally, the OA
subjects reduced their joint loading cost of locomotion at a signiﬁcantly
faster rate than control subjects when considering the knee adduction
impulse; however no differences between the groups were seen when
considering the peak knee adduction moments.Figure 1. (a) Linear regression analysis applied to sample OA subject (b)
The relationship between knee joint loading cost of locomotion and
increasing walking speed for OA (shaded) and controls (hatched).Conclusions: Although previous studies have suggested persons with
OA are able to reduce knee joint loading with decreased walking speed,
after accounting for the distance traveled in a gait cycle, results suggest
increasing walking speed is a more effective gait modiﬁcation to reduce
cumulative knee joint loading. Furthermore, data suggest if OA subjects
were to increase their self-preferred walking speed tomatch the control
group, they would reduce cumulative knee joint loading experienced
during ambulation by 6-19% depending on the joint loading indicator
selected.
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PELVIC MOVEMENTS ARE RESTORED TO REFERENCE VALUES
DURING STAIR CLIMBING BUT NOT DURING STEPPING ONE YEAR
AFTER UNI-COMPARTMENTAL KNEE ARTHROPLASTY e A
SECONDARY ANALYSIS OF A RANDOMIZED CONTROLLED TRIAL
S. Kierkegaard y,z, P.B. Jørgensen z, K. Søballe z, I. Mechlenburg z.
yHorsens Hosp., Horsens, Denmark; zOrthopedic Res., Aarhus Univ.
Hosp., Aarhus, DenmarkPurpose: Studies have found that patients with medial knee osteo-
arthritis use compensatory strategies during walking to minimize the
load of the medial knee compartment. Compensatory strategies are less
well investigated during more advanced functional tasks such as stair
climbing and stepping.
We have recently found that patients with end-stage medial com-
partment knee osteoarthritis scheduled for a medial uni-compart-
ment knee arthroplasty (UKA) demonstrate increased pelvic
movements during stair climbing and stepping compared with
persons without knee problems. The patients in the previous study
were participants in a randomized controlled trial, where they were
randomized to either home based exercise or progressive resistance
training after UKA. The primary outcome was leg extension power.
The aim of this secondary analysis of the randomized controlled
trial was to evaluate if patients one year after UKA would reach
reference values of pelvic movements during stair climbing and
stepping.
Methods: The study population consisted of 40 patients with a mean
age at surgery of 66±8 years. Patients were included in the study if
they were scheduled for UKA and lived no more than 40 km away from
the hospital. Patients with rheumatoid arthritis and neurological
conditions that could affect functional performance were excluded.
Patients were randomized to either eight weeks home based exercise
or eight weeks progressive resistance training initiated within one
week postoperative and performed twice a week for eight weeks.
Patients were age- and gender-matched with 29 controls with no
limitations in walking and no previous major surgery in their hips or
knees.
One year after surgery, motion analysis of pelvic movements during
ascending and descending a stair case (step height 16.5 cm) and step
(block height 30 cm) was recorded. The pelvic movements were derived
from an inertial sensor with gyroscope (Inertia-Link®, MicroStrain®,
Williston, USA) placed between the posterior superior iliac spines. The
controls performed the same functional performance tests to create
reference levels of pelvic range of motion. Patients and controls were
compared using multiple regression analysis, adjusted for gender, age
and body weight.
Results: One year after UKA patients reached reference levels of pelvic
range of motion during stair climbing, while pelvic movements during
step ascending and descending in the sagittal plane were still sig-
niﬁcantly different from the reference levels (p < 0.02) (ﬁgure 1 and 2).
There were no statistically signiﬁcant differences between the home
based exercise and progressive strength training group in pelvic
movements at one year follow up.
Conclusions: Patients exhibit less pelvic compensatory movement
one year after UKA and rehabilitation compared to before
UKA Pelvic movements were comparable to reference levels
during stair climbing. Nevertheless, the patients still exhibited
compensatory pelvis movement during the more challenging task
of stepping, which was evident regardless of rehabilitation
program.
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GAIT CHARACTERISTICS OF PATIENTS WITH LATERAL KNEE
OSTEOARTHRITIS AFTER ANTERIOR CRUCIATE LIGAMENT
RECONSTRUCTION
H.F. Hart y, N.J. Collins y, D.C. Ackland y, S.M. Cowan z, K.M. Crossley x.
y The Univ. of Melbourne, Melbourne, Australia; z Physiotherapy Dept., St
Vincent’s Hosp., Melbourne, Australia; xUniv. of Queensland, Brisbane,
Australia
Purpose: Lateral knee osteoarthritis (OA) is evident in more than 50%
of individuals with post-traumatic knee OA after anterior cruciate
ligament reconstruction (ACLR). Currently, little is known about the
gait characteristics associated with this condition. Knowledge of
biomechanics associated with the knee joint and secondary joints
will improve our understanding of this condition, and assist in
developing targeted interventions for this patient population. This
study aimed to compare: i) knee kinematics and net joint moments;
and (ii) trunk, pelvis, hip and ankle kinematics and net joint
moments, in individuals with predominant lateral knee OA after
ACLR and healthy controls.
Methods: Volunteers who had undergone a primary ACLR 5-20 years
previously, with symptomatic (Knee Injury and Osteoarthritis Outcome
Score (KOOS) criteria) and radiographic (Kellgren & Lawrence 2)
lateral knee OA, and healthy control volunteers were recruited from
the community in Melbourne, Australia. Quantitative gait analyses
were conducted during walking trials at self-selected speeds. Post-
processing of gait data involved calculation of trunk, pelvis, hip, knee
and ankle kinematics, and external hip, knee and ankle net joint
moments. Peak values were identiﬁed in the ﬁrst half of stance phase.
Data were statistically analysed using independent Student’s t-tests
(p<0.05).
Results: The lateral knee OA group consisted of 19 individuals (15
males) (mean±SD age 37±7yrs, body mass 80±10kg; KOOS subscales:
pain 80±15, symptoms 74±13, activities of daily living 88±15, sport/
recreation 69±26, quality of life 58±23) who were 12±4 years post-
ACLR. The control group consisted of 25 healthy individuals (14 males,
age 31±6yrs, body mass 69±11kg). Participants in the lateral knee OA
group were approximately 6 years older (p¼0.004) and weighed 11kg
more (p¼0.001) than controls. There were no signiﬁcant differences in
gait speed between the two groups (p¼0.143). Compared to controls,
the lateral knee OA group had greater peak knee ﬂexion (mean differ-
ence: 3.51, 95% conﬁdence interval: 0.89 to 6.14) and lower peak knee
internal rotation (-3.30, -6.16 to -0.50) angles. Trends of lower external
knee adduction moment (-0.12 Nm/kg, -0.24 to 0.00) and external
rotation moment (-0.01, -0.02 to 0.00) were noted in the lateral knee OA
group. Those in the lateral knee OA group had greater anterior pelvic tilt
(3.21, 0.15 to 6.26) and hip ﬂexion (5.09, 1.85 to 8.32) angles relative to
controls. At the ankle joint, with the lateral knee OA group had a sig-
niﬁcantly greater dorsiﬂexion moment (0.11Nm/kg, 0.02 to 0.21) than
controls.
Conclusions: Younger people with lateral knee OA after ACLR had
lower knee internal rotation angles, greater knee ﬂexion, anteriorpelvic tilt, and hip ﬂexion angles, and greater dorsiﬂexion moment
than controls. The ﬁndings highlight that in people with lateral knee
OA after ACLR, biomechanical deﬁcits are present at the knee joint, as
well as secondary joints. Currently, there is no evidence to guide
management of post-traumatic lateral knee OA after ACLR, and
practitioners can only draw on evidence for interventions designed
for non-traumatic OA. However, gait characteristics of patients
with post-traumatic knee OA do not necessarily match those seen in
non-traumatic knee OA patients. Thus, targeted interventions should
be investigated for this patient population that could potentially
address biomechanical deﬁcits at the knee joint, as well as secondary
joints.
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METABOLOMIC CHARACTERIZATION OF EXPERIMENTAL
OSTEOARTHRITIS IN A NON-INVASIVE BIOLUMINESCENT REPORTER
MOUSE
D.L. Zignego, S. Mailhiot, R. June.Montana State Univ., Bozeman, MT, USA
Purpose: Mouse models are valuable tools for understanding osteo-
arthritis (OA). Current methods are unable to monitor longitudinal
cartilage changes in vivo. The aim of this study was to develop novel
methods for quantifying changes in cartilage during an experimental
model of OA. Utilizing novel transgenic mice that display cartilage-
speciﬁc bioluminescence, cartilage was quantiﬁed in vivo in a model of
surgical destabilization and forced running. After the ﬁnal timepoint,
whole joint metabolomics were identiﬁed via HPLC-MS to compare
with in vivo cartilage degradation results.
Methods: Animal studies were approved by IACUC. This study used
mice (n¼10, all female) containing a conditional luciferase reporter
driven by tamoxifen-inducible CREtargeted to the aggrecan promoter.
In this model, cells expressing aggrecan (i.e. chondrocytes) are time-
stamped with bioluminescence by tamoxifen treatment prior to injury. .
Bioluminescence was induced via sub-q scruff injections of tamoxifen
(10mg/mL) for 3 days (2 mg/day). After a 5 day rest period, mice were
imaged (Kodak ImageStation) using 15 min exposures following sub-q
scruff injection of luciferin (1.5mL/mouse at 15 mg/mL). 16-bit images
were contrasted, inverted, and thresholded prior to region of interest
analysis for each knee. Baseline values were determined by 3 consec-
utive days of imaging. Unexercised (UE) control mice and exercised (E)
mice were used. E mice were trained on a treadmill for 10 consecutive
days building to 30 cm/s for 20minutes at 15 incline. After training, left
knees of E mice were surgically destabilized using the MMT model.
After 96 hours of recovery, E mice were run for 15 days. UE mice were
handled daily without running as a control. Both groups were imaged
every 2 days for 15 days.
Mice were euthanized by cervical dislocation, joints dissected (both
condyles and the distal ~80% of the trochlear grove), pulverized, and
metabolites extracted. Untargeted and targeted metabolite detection
was performed via LCMS.
For analysis, four analytical groups were established; UE left knee (UEL),
UE right knee (UER), E left knee (EL), and E right knee (ER). To determine
